ABSTRACT. The histopathological characteristics of Ito cells and Kupffer cells were investigated in the liver of 21 cats (age range: 6 months -18 years) autopsied in our laboratory during 2003. Immunohistochemical examinations were performed using antibodies against lysozyme, desmin and α-smooth muscle actin. No Kupffer cells reacted with the antibody against lysozyme. However, macrophages in the lung and spleen showed a positive reaction with the antibody. This finding suggests a possibility that the amount of lysozyme in the Kupffer cells of feline liver is comparatively small. On the other hand, large vacuole-laden cells were observed in the hepatic perisinusoid of some feline cases, and these cells showed a positive reaction with antibodies against desmin and α-smooth muscle actin. These cells could be Ito cells with large lipid vacuoles. This conclusion was supported by electron microscopic observation and oil red O staining. However, no such large vacuole-laden perisinusoidal cells were detected in the liver of young cats less than 2 years old. The present study revealed the histopathological features of Kupffer cells and Ito cells in the feline liver.
The liver is constituted of not only parenchymal hepatocytes but also non-parenchymal cells including sinusoidal endothelial cells, Ito cells and Kupffer cells. These nonparenchymal cells play important roles in the pathophysiology of liver diseases [22] . For example, Ito cells are transformed into myofibroblastic cells and produce extracellular matrices during the development of hepatic cirrhosis and fibrosis [14, 15] . Kupffer cells, through their phagocytic activity [4] , participate in cellular immunity in patients with infectious diseases [12, 19, 21] . Furthermore, both nonparenchymal and parenchymal cells can produce a variety of humoral factors such as cytokines and growth factors [6, 10] .
In spite of the importance of non-parenchymal cells in the pathogenesis of hepatic diseases, there were few studies in which the involvement of non-parenchymal cells in spontaneous hepatic diseases of animals was examined in the field of veterinary medicine. In addition, it is suspected that there are points of both similarity and difference in character of hepatic non-parenchymal cells among the animal species. Bartok et al. reported the ultrastructure of Ito cells in man and other mammalian species, and mentioned the species differences and similarities of ultrastructural features [2] . Through the similarities among species, they suggested the reticulum fiber production by Ito cells, and this is well known now as one of the important functions of Ito cells. Therefore, it is significant to clarify the character of hepatic non-parenchymal cells in each animal species.
In the present study, the histopathological characteristics of Ito cells and Kupffer cells were investigated in the liver of 21 autopsied cats. Feline Kupffer cells did not react with an antibody against lysozyme, and the large vacuole-laden Ito cells were not observed in the liver of young cats under 2 years of age. The present study revealed the histopathological features of Kupffer cells and Ito cells in the feline liver.
MATERIALS AND METHODS

Animals and tissue processing:
The liver materials used in the present study were obtained from 21 cats autopsied in 2003 at the Department of Veterinary Pathology, the University of Tokyo. The cats comprised 9 males and 12 females ranging from 6 months to 18 years old (Table 1, case Nos. 1-21). Tissues excised from the liver, lung and spleen were fixed in 10% neutral-buffered formalin (NBF), embedded in paraffin, and sectioned 4 µm thick. The paraffin sections were stained with hematoxylin and eosin (HE), and also used for immunohistochemical analysis. Oil red O staining was performed using frozen sections 6 µm thick prepared from NBF-fixed tissues embedded in a water-soluble compound (Tissue Tek 4583; Miles, Elkhart, IN, U.S.A.). Liver sections from 3 dogs autopsied in the same facility (Table 1 , case Nos. C1-C3) were used for comparative immunohistochemical analyses. In the liver of these 3 dogs, there were no significant changes histopathologically.
Immunohistochemical examination: Deparaffinized sections were autoclaved for antigen retrieval, and then immersed in 0.3% hydrogen peroxidase to block internal peroxidase activity and in 8% skimmed milk to block nonspecific binding of the primary antibody. Primary antibodies used were anti-human lysozyme, anti-chicken desmin and anti-human α-smooth muscle actin antisera (Dako, Glostrup, Denmark). Biotinlylated anti-mouse or -rabbit immunoglobulin G (KPL, Gaithersburg, MD, U.S.A.) was applied as a secondary antibody. The sections were incubated with peroxidase-labeled streptavidin (Dako, Glostrup, Denmark) and visualized with 3,3'-diaminobenzidine-tetrahydrochloride as chromogen. Counterstaining was done with methyl green.
Electron microscopy: NBF-fixed tissues were cut into small blocks, and refixed in 2% glutaraldehyde for 3 hr and 1% osmium tetroxide for 2.5 hr. Then, they were dehydrated through graded alcohol series (50%, 70%, 80%, 90%, and 95%) to absolute alcohol, embedded in Epon 812, and placed in a 48°C oven. The temperature in the oven rose to 72°C gradually during three days, and the embedded samples were removed from the oven and allowed to cool at room temperature. Ultrathin sections were prepared using a ultramicrotome, double-stained with uranyl acetate and lead citrate, and examined under a JEM 1200 electron microscope (JEOL Ltd., Tokyo, Japan).
RESULTS
Histopathological main diagnoses for the 21 feline autopsy cases examined in this study are shown in Table 1 . Although there were no cases that had the main diagnoses of liver and biliary diseases, histopathological changes were observed in the livers of some cases. In case 2 that had the main diagnosis of GM2 gangliosidosis, cytoplasmic vacuolation of hepatocytes due to glycolipids deposition were observed. In cases 6, 14, 15, 18 and 21, the degenerative foci of hepatocytes were observed centrolobularly. In cases 8 and 12, the tumor cells were infiltrated in the sinusoid, and their proliferation was observed focally. In cases 5, 11, 12 and 20, mild proliferation of bile ductules were observed.
In the liver of all 21 cats, Kupffer cells did not react with the antibody against lysozyme (Fig. 1a) . However, Kupffer cells in the canine liver and macrophages in the feline spleen and lung reacted with this antibody. In all three canine cases examined in this study (case Nos. C1-3), Kupffer cells showed positive reaction clearly along the sinusoid (Fig.  1b) . Similarly, in the spleen and lung of all 21 feline autopsy cases (case Nos. 1-21), macrophages showing positive reaction were observed (Fig. 1c) , while the intensity of positive reaction was not constant among the 21 feline cases.
In HE sections, large vacuoles about 10 to 30 µm in diameter were observed in the hepatic perisinusoid of some of the cats examined (Fig. 2, Table 2 ). Flattened nuclei were observed at the edge of the large vacuoles, indicative of intracytoplasmic vacuoles (Fig. 2) . As shown in Table 2 , the number of perisinusoidal large vacuoles in HE stain was various among the cases (Figs. 3a and b) , while no such large vacuoles were observed in the liver of young cats under 2 years of age (Table 2) .
Such perisinusoidal large vacuoles were positive for oil red O (Fig. 4) , and electron microscopy revealed that the large perisinusoidal vacuoles were intracytoplasmic and homogeneously stained (Fig. 5) . The large vacuole-laden perisinusoidal cells were positive for desmin and α-smooth muscle actin (Figs. 6a and b, Table 2 ), suggesting that such vacuole-laden cells were identical to feline Ito cells. In immunostaining, no such large vacuole-laden Ito cells were observed in the liver of young cats under 2 years of age as same as in HE stain (Table 2) . Instead, in immunostaining, spindle-shaped Ito cells showing a positive reaction with the above-mentioned antibodies were observed in the liver of young cats under 2 years of age, and were also observed in the liver of some older cats (Figs. 7a and b, Table 2 ).
In case 18, α-smooth muscle actin-positive large vacuoleladen Ito cells were distributed mainly in the degenerative foci in the liver (Figs. 8a and b) . On the contrary to this, in case 6, although the degenerative foci were observed in the liver, α-smooth muscle actin-positive large vacuole-laden Ito cells were distributed not in the foci, but outside of them (Figs. 9a and b) .
DISCUSSION
In the present study, we examined livers of 21 cats autopsied in our laboratory and revealed the histopathological and immunohistochemical features of Kupffer cells and Ito cells in feline liver, respectively; that is, feline Kupffer cells showed no immunoreactivity with the antibody against lysozyme, and feline Ito cells contained large cytoplasmic lipid vacuoles.
Although the negative immunoreactivity with the antibody against lysozyme in this study may suggest a possibility that the amount of lysozyme is comparatively small in feline Kupffer cells, this idea should be considered carefully and thoughtfully. Lysozyme is considered a useful marker for mononuclear phagocytes, and had been used to confirm histiocytic differentiation in an immunohistochemical study of feline malignant histiocytosis [23] . However, in the study, the staining pattern of feline liver Kupffer cells was not mentioned. In dogs, the tissue distribution of lysozymepositive Kupffer cells is generally in accord with that described for man and rat [17] . However, alveolar macrophages were stained positively for lysozyme in both dog [17] and rat [3, 8] , and negatively in human [9, 13, 18] , whereas, curiously, human alveolar macrophages have been clearly shown to contain lysozyme by demonstrating its muramidase activity [7] . Therefore, further invetsitigation in feline Kupffer cells, for example, quantitative investigation of the amount and/or activity of lysozyme, is needed.
The large cytoplasmic vacuoles of feline Ito cells are special histopathological characteristics. Based on oil red O staining and ultramicroscopic observation, it was confirmed that the vacuoles mainly contain a kind of lipid. The size of vacuole suggests an extended capacity to stock lipids in the cytoplasm of feline Ito cells.
In the present study, large vacuole-laden Ito cells were not observed in the liver of young cats under 2 years old, and it is suggested that they might have a tendency to appear in age-dependent manner. Bartok et al. reported the ultrastructure of Ito cells in man and other mammalian species including cats, in which they mentioned that feline Ito cells stored small lipid droplets [2] . Although there is no description of the age of cats in their report, it is expected that young cats under 2 years would be studied. In addition, Tanuma et al. reported that the Ito cells of the immature kitten liver possessed a small number of small lipid droplets [20] , and this would endorse our results. Interestingly, the evidence that in immature mammals the Ito cells contain smaller amounts of lipid droplets than in the adults has been given by Yamagishi in various developmental stages of rabbits [24] .
Immunoreactivity with the antibody against α-smooth muscle actin suggested that such large vacuole-laden Ito cells might be in activated-condition. As a marker of Ito cell activation, α-smooth muscle actin has been used in many studies [1, 11, 16] . The activation of Ito cells has been examined mainly using mice and rats, and cell cultures [5] . According to previous studies, Ito cells play a major role in the storage of vitamin A under normal conditions, but once activated, lose this function and transform into myofibroblastic type to produce extracellular matrices and cytokines [6] . In the present study, large vacuole-laden Ito cells, which seem to be in normal condition and store lipid, showed positive staining for α-smooth muscle actin, a marker of activated cells. They were observed to distribute mainly in the degenerative foci in the liver of Case 18. This strongly suggests that they would be under activated-condition and their activated form may be very different from that in rodents. Furthermore, it is suggested that there are possibility that they might be induced due to hepatic conditions. However, in the present study, large vacuole-laden Ito cells were observed not in degenerative foci, but outside of them in Case 6, and, therefore, the possibility should be considered carefully.
In conclusion, the present study revealed the histopathological features of Kupffer cells and Ito cells in the feline liver. Further study will make clear the detail of feline Kupffer cells and Ito cells, and it would greatly contribute to understanding the pathogenesis of feline liver diseases.
